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\eta (y, $t$ ), $\zeta(y, t)$ . $\eta(y, t)=\Sigma_{k}e^{iky}\eta_{k}(t)$ ,
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$\zeta(y, t)=\Sigma_{k}e^{iky}\zeta_{k}(t)$ \eta k(t),\mbox{\boldmath $\zeta$}k(t) ,
, 2 normal mode
[4].
$(\begin{array}{ll}t_{2} -\triangle-\triangle t_{1}+t_{2}\end{array})(\begin{array}{l}.\cdot\eta_{k}.\cdot\zeta_{k}\end{array})+(\begin{array}{ll}g_{s} 00 g_{i}\end{array})(\begin{array}{l}\eta_{k}\zeta_{k}\end{array})-(\begin{array}{l}T_{sk}T_{ik}\end{array})=$ $0$ , (1)
$t_{1,2}\equiv\rho_{1,2}/(k\tanh kh_{1,2}))$ $g_{s}\equiv\rho_{2}g(t)+k^{2}\gamma_{s}$ ,











$(p_{t})_{s,i}$ $=$ $[n_{i}(T_{ij}-p\delta_{ij})n_{j}]_{s,i}=[T_{nn}-P]_{s,i)}$ (2)
$\{z=\zeta z=\eta+h_{2}$
.
$[p]_{i}=[\rho]^{s}=p_{2}-p_{1}^{2)}-p$ $(p)=- \gamma_{s}(p^{t_{t}}.)^{s_{i}}=-\gamma_{i}(\frac{\frac{\partial^{2}\eta}{\partial^{2}\zeta^{2}\partial x}}{\partial x^{2}}+)(+\frac{\partial^{2}\eta}{\frac,\partial y\partial\zeta_{2}^{2}\partial_{2}y}I)$
, , Bernoulli
$\frac{\partial(\Phi_{1,2}+p_{1,2})}{\partial x_{i}}=\frac{\partial(T_{1,2})_{ij}}{\partial x_{j}}=0$ (3)




(4) $p$ . \phi ,v,\Phi ,\Omega
. Bernoulli .
$B=(B_{i}),$ $H=(H_{i})$ ,
$T_{ij}=H_{i}B_{j}-f_{0}^{H}BdH\delta_{ij}$ [5] . , (3) 3
, $\nabla\cdot B=0$ $\cross H=0$ , B=\mbox{\boldmath $\mu$}H(\mbox{\boldmath $\mu$}:
) , 3 . , (2)
$[T_{nn}]$ $B_{n,t}$ $H_{n,t}$
$[B_{n}H_{n}-B_{t}H_{t}]/2$ .
\mbox{\boldmath $\mu$} $[T_{nn}]$ ,
, $b,h$ .
$\eta,\zeta$ , (1)





. , $G_{1,2,3,4}$ .





$f_{11}\equiv\overline{\mu}_{1}(\overline{\mu}_{1}\tanh kh_{1}+1),$ $f_{21}\equiv\overline{\mu}_{1}+\tanh kh_{1}$ ,
$f_{12}\equiv\overline{\mu}_{2}(\overline{\mu}_{2}\tanh kh_{2}+1),$ $f_{22}\equiv\overline{\mu}_{2}+\tanh kh_{2}$ ,
$f\equiv f_{11}f_{22}+f_{12}f_{21}$ .
, \mbox{\boldmath $\mu$}0 \mbox{\boldmath $\mu$}-1,2,
$B_{t}$ \mbox{\boldmath $\mu$}0Hn $[B]\equiv$
$[B_{t}]=[\mu]H_{t},$ $[H]\equiv[\mu_{0}H_{n}]=[1/\mu]B_{n}$ . \mbox{\boldmath $\mu$}- $=1$ ,
$[B]$ $[H]$ $0$ . (5) (1) , normal
mode




$A\ddot{u}+Bu=0$ , $u\equiv(\begin{array}{l}\eta_{k}(k\end{array})$ (7)
, $A$ ,
$B$ . $B$ ,





2 , , $k/\mu_{0}$ $c\circ shkh_{2}$ , $0$ 1
.
$h_{2}arrow\infty$ \triangle , $G_{3,4}arrow 0$ , .
\eta k, $\zeta_{k}\propto e^{-i\omega t}$ ,
$\{\begin{array}{l}\text{ ^{ _{ }}}\text{ }.\cdot\omega=\sqrt{(g_{s}-G_{1})/t_{2}}\text{ ^{ _{ }}}\text{ }\cdot.\omega=\sqrt{(g_{i}-G_{2})/(t_{1}+t_{2})}\end{array}$ (8)
.
$G_{1,2}$ , 2 , 2
. , / ,
/ .
, $k$ $G_{1,2,3,4}$ ,
$G_{3,4}$ \triangle , $k$ $h_{2}$ .
$g_{s,i}$ 1 . ,
$(MGF)$ (OFF) (ON) (SUR)
(INT) ( ). .





1 $G_{4}=0$ , $0$ .
















, $H=H_{0}+H_{1}c\circ s\Omega t$




$B=B_{00}+(B_{10}+B_{01})\cos\Omega t+B_{11}\cos^{2}\Omega t$ (10)
.
$B_{10,01}$
, (10) (7) . $XA^{-1}(X$
) ,
$(X\ddot{u})+(XA^{-1}BX^{-1})(Xu)=0$ (11)
$\ddot{v}+(P-2Q\cos 2t)v=0$ , $v\equiv Xu=(\begin{array}{l}p_{k}q_{k}\end{array})$ , $\Omega tarrow t$ (12)
, , Mathieu 2 Mathieu$\cdot$
.
$P$ $Q$ ,
$P\equiv\frac{1}{\Omega^{2}}XA^{-1}(B_{00}+\frac{1}{2}B_{11})X^{-1}=\frac{1}{\Omega^{2}}(\begin{array}{ll}\omega_{s}^{2} 00 \omega_{i^{2}}\end{array})= (\begin{array}{ll}p_{1} 00 p_{2}\end{array})$ , (13)
$Q\equiv-\frac{1}{4\Omega^{2}}XA^{-1}B_{11}X^{-1}=(\begin{array}{ll}q_{11} q_{12}q_{21} q_{22}\end{array})$ (14)
. $x$ $P$ , (13) $x$
. \omega s,i
, , $p_{k},q_{k}$













$v(t)=e^{\mu t} \sum_{m=0}^{\infty}(a_{m}\cos mt+b_{m}\sin mt)$ (15)
(12) , $c\circ smt,$ $\sin mt$ $0$ . \mbox{\boldmath $\mu$}
. , $a_{m},b_{m}$ 2 2
. , $A_{m},B_{m},C_{m}$ \mbox{\boldmath $\mu$},m,pl,p2,q11,q12,q21,q22 1
4 4
$0=B_{m}(\begin{array}{l}a_{m}b_{m}\end{array})$ $A_{m}(\begin{array}{l}a_{m-2}b_{m-2}\end{array})$ $C_{m}(\begin{array}{l}a_{m+2}b_{m+2}\end{array})$ (16)
. $m=0$ $m=1$ $\tilde{b}l_{D}^{A}$
,
$(\begin{array}{l}a_{m\pm 2}b_{m\pm 2}\end{array})=R_{m\pm 2}^{\pm}(\begin{array}{l}a_{m}b_{m}\end{array})$ , $R_{m+2}^{m-2}=(B^{m-2}2-C2R_{-}^{m-4})^{-1}A_{m+2}^{m-2}R_{+}^{-}=(B-A_{m-2}R_{+}^{-})_{-1}C$
,
$R_{m\pm 2}^{\pm}$ , (16) ,







$0=|B_{m}-\Gamma_{m}-\Delta_{m}|\equiv R_{m}(\mu,p_{1},p_{2}, q_{11}, q_{12}, q_{21}, q_{22})$ (18)
.
P,Q (12) (18) , \mbox{\boldmath $\mu$}
. $R_{m\pm 2}^{\pm}$ \mbox{\boldmath $\mu$} , \mbox{\boldmath $\mu$} , $a_{0},b_{0}$ $a_{1},b_{1}$
, (15) $a_{m},b_{m}$ .
Mathieu , P,Q
. \mbox{\boldmath $\mu$} $v(t)$ ,
. Hill ,






(18) $R_{m}$ 4 4 , $m,$ $q_{11},$ $q_{12},$ $q_{21},$ $q_{22}$ ,
4
. 2 , $q_{22}$ $p_{2}$ ,
. $c,s$ ,
$m$ , $m$





3: Normal Mode :\Omega $=35.0s^{-1}$
. ,
, $q_{22}=0$ ,





, \Omega , normal mode
3–5 . , ,
(N) . (M) ,
(S) . (I) $(k, \Omega)$ $(q,p)$ . ,
274$\cdot$
4: Normal Mode :\Omega $=40.0s^{-1}$
, normal mode. \eta k, $\zeta_{k}$ ,
\eta k, \mbox{\boldmath $\zeta$}k . \eta k(
3,4) \mbox{\boldmath $\zeta$}k( 5) ,
, n\Omega . 3 \Omega ,
. ,
, 3\Omega .
4 \Omega , .
, ,
. .
3 , $\Omega$ .
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